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filters.  This  gives  more  flexibility  in  the  choice  of  the 
pump/signal wavelength allocations but also allows most of 
the wavelength converted signal energy to pass through the 
subsequent  offset  filter,  improving  the  OSNR  and 
subsequently the overall system performance. Following the 
preliminary  results  reported  in  [8],  in  this  Letter,  we 
experimentally  demonstrate,  in  a  proof  of  principle 
experiment,  a  simple  and  cost  effective  all-optical 
wavelength  conversion  scheme  based  on  XPM  spectral 
broadening induced by saw-tooth pulses and filtering using 
conventional  bandpass  filters  and  show  the  improved 
performance  achieved  as  compared  to  more  conventional 
pulse shapes.  
We  note  that  this  saw-tooth  shape  has  also  been 
demonstrated  to  be  very  interesting  for  various  other 
applications – amongst these, optical time division add-drop 
multiplexing is a clear and important example [9-10]. 
II.  EXPERIMENTAL SET-UP AND RESULTS 
 
Figure  1.  a)  Experimental set-up of the wavelength conversion system. 
EDFA: erbium doped fiber amplifier. b-c) Measured Gaussian and saw-
tooth intensity profiles using an OSO, time scale: 5ps/div. 
 
The experimental set-up is shown in Fig.1(a). An Erbium 
Glass  Oscillator  (ERGO)  operating  at  1547.5nm,  which 
generates  ~1.3ps  Gaussian  pulses  at  10GHz,  is  used  to 
generate the control signal. The control pulses are amplitude 
modulated by a 2
31-1 pseudorandom bit sequence (PRBS) 
using a lithium-niobate Mach-Zehnder modulator (MOD), 
reflected off the spectrally designed SSFBG to be shaped 
into 10ps full width at half maximum (FWHM) saw tooth 
pulses (the full characterization of the grating is reported in 
[7]) and amplified up to 20dBm before being launched at 
the 90% port of the coupler. The CW probe at 1559.1nm is 
launched at the corresponding 10% port of the coupler. The 
combined  signals  are  then  launched  into  the  HNLF. 
Polarization controllers (PCs) at each arm of the system are 
used to maximize the XPM effect in the HNLF. The fiber 
has  a  length  of  310m,  a  dispersion  of  -0.31ps/nm/km,  a 
dispersion  slope  of  0.0031ps/nm
2/km,  a  nonlinear 
coefficient  of  22/W/km  and  a  loss  of  1.21dB/km.  Two 
Gaussian  optical filters with FWHM of 0.5nm and offset 
detuning of ~1 nm relative to the CW carrier are used to 
select the wavelength converted signal. The system has also  
 
 
Figure 2. Spectral traces of the data signal at the output of the HNLF when 
Gaussian  or  saw-tooth  pulses  are  used  (a)  and  corresponding  zoom-in 
around the CW wavelength (b). c) Spectral traces after the offset-filters 
when Gaussian or saw-tooth pulses are used. 
 
been characterized without the SSFBG in place. In this case, 
to avoid the build-up of excessive SPM of the pump signal 
due  to  the  much  shorter  duration  of  the  unshaped  pulses 
(FWHM  of  1.3ps  only),  which  can  then  overlap  and 
interfere with the converted signal spectrum, its power was 
restricted  to  5dBm.The  quality  of  the  shaped  pulses  was 
monitored  using  an  optical  sampling  oscilloscope  (OSO), 
see Fig. 1(c) for the corresponding temporal profile. The 
pulse shape characteristics are in good agreements with the 
ones  measured  using  a  linear  frequency-resolved  optical 
gating,  which  are  reported  in  [7].  As  a  reference,  the 
measurement of the Gaussian input pulse is also shown in 
Fig. 1(b). Fig. 2(a) shows spectral traces after the HNLF 
when  saw-tooth  (red  dashed  trace)  and  Gaussian  (black 
solid  trace)  pulses  are  used  as  the  pump  signals.  As 
expected,  for  the  case  of  an  unshaped  input,  the  XPM-
induced sidebands on the CW broaden symmetrically about 
the original wavelength. On the other hand, when the saw-
tooth  pump  is  used,  the  corresponding  spectra  broaden 
asymmetrically due to the asymmetric shape of the pump 
pulses,  while  maintaining  a  compact  spectrum.  This 
behavior is the key to the performance improvement offered 
by the saw-tooth shape, since it allows for easier separation 
of  the  converted  signal  from  the  remaining  frequency 
components. Fig.2 (b) shows the zoomed spectra around the 
converted signal for both pumps: the spectral density of the 
wavelength shifted components is much higher when using 
saw-tooth  pulses,  achieving  an  OSNR  improvement  of 
about 15dB relative to the unshaped Gaussian pulses. In this 
way, the wavelength converted signal can easily be filtered 
using  conventional  band-pass  filters,  while  maintaining  a 
good OSNR level at the converted signal wavelength. Fig.2 
(c) shows the filtered spectra of the wavelength converted 
signal when Gaussian and saw-tooth pumps are used. As    3 
 
Figure 3. BER curves of the back-to-back original signal (blue rectangular 
symbols)  and  of  the  wavelength  converted  signal  when  saw-tooth  (red 
triangular symbols) or Gaussian (black circle symbols) control pulses are 
employed. Inset: Corresponding eye-diagrams (Time scale:10ps/div). 
 
can be seen from the figure, an improvement of more than 
10dB in the extinction ratio of the CW wave is achieved for 
saw-tooth pulses as compared to the Gaussian case. 
To quantify the performance improvement offered by this 
system,  we  measured  bit-error  rate  (BER)  curves  on  the 
original and wavelength converted signals when either saw- 
tooth or Gaussian pulses are used as the control signal. The 
corresponding curves are reported in Fig.3. A power penalty 
of ~1.8dB for error-free operation (BER=10
9) was achieved 
for saw-tooth pulses (red triangular symbols) as compared 
to  the  back-to-back  original  signal  (blue  rectangular 
symbols). When Gaussian pulses were used (black circles 
symbols), an error floor was clearly obtained in the BER 
curve and an additional power penalty of more than 6dB 
incurred. For the interpretation of these power penalties, it 
is  noted  that  no  amplified  spontaneous  emission  (ASE) 
rejection filter was used after the amplifier in the control 
path  just  before  the  HNLF.  The  impact  of  ASE  can  be 
appreciated  by  the  severe  error  floor  observed  when 
Gaussian  pump  pulses  are  used.  The  corresponding  eye-
diagrams  for  the  back-to-back  and  wavelength  converted 
signals  are  also  shown  in  the  inset  of  Fig.  3,  when 
considering saw-tooth or Gaussian pulses. As a reflection of 
the  BER  measurements,  when  Gaussian  pulses  are  used, 
some extra noise mainly on the “one level” can be seen on 
the eye, while good quality eye diagrams are obtained for 
saw-tooth pulses. Finally, it is worth pointing out that, in a 
wavelength  conversion  scheme  using  a  CW  beam  as  the 
input signal, the minimum achievable pulse width is limited 
by the temporal width of the pump (assuming the dispersion 
of  the  HNLF  to  be  negligible  as  appropriate  in  our 
particular  case)  and  the  bandwidth  of  the  optical  offset 
filters.  In  our  specific  case,  for  Gaussian  pulses,  the 
relatively narrow filter bandwidth (~0.5nm) was the main 
cause  of  the  temporal  broadening  of  the  wavelength 
converted  pulses.  On  the  other  hand,  for  the  saw-tooth 
pulses the temporal broadening was the result of the filter 
bandwidth as well as the broader pulse width of the new 
purpose-shaped  pulses.  This  temporal  broadening  as 
compared  to  the  data  input  signal  can  be  qualitatively 
appreciated  from  the  eye  diagrams  of  Fig.3.  This 
broadening could be easily avoided using shorter saw-tooth 
pulses and broader offset filters bandwidth. 
III.  CONCLUSION 
In  conclusion,  we  have  demonstrated  a  wavelength 
conversion  application  which  benefits  from  the  constant 
time  derivative  profile  of  specifically  designed  saw-tooth 
pulses. The pulses were generated using pulse shaping in a 
SSFBG.  The  enhanced  performance  of  the  wavelength 
converter  has  been  quantified  through  spectral  and  BER 
measurements. An OSNR improvement of the wavelength 
converted  signal  of  about  15dB  when  using  saw-tooth 
control shape as compared to the use of more conventional 
pulse shapes, such as Gaussian pulses, has been shown, and 
an improvement in the receiver sensitivity of more than 6dB 
has been achieved. We believe that this approach could be 
applied to much higher bit rate systems by properly scaling 
the width of the shaped pulses and the bandwidth and offset 
of the filter. 
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